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^ (54) title: A PROCESS FOR THE PREPARATION OF EPOTHILONE ANALOGS 

^ (57) Abstract: The present invention relates to a process for the preparation of epnthilnne analogs by initially forming novel ring- . 
(^ opened epothilones and carrying out a macrolactamization reaction thereon. The subject prcicess is amenable to bdng carried out 
^ in a single reaction vessel without isolation of the intermediate compound and provides at least about a thiee-fold incr^se in yield 
^ oyer prior processes for preparing the desired epothilone analogs. 
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A PROCESS FOR TBDE PREPARATION OF EPOTHILO]>ffi ANALOGS 



CrossrReference to Related AppUcatiohs 

This application claims priority from U.S. AppUcati^ 
5 filed February i, 2001 and 09/946,72I, fUed September 5^^^ 2^^ incorporated herein 
by reference in its entiiety. 



Field of the Invention 

.10 The present invention relates to an improved process for the preparation of 

certain epothilone analogs, including novel inteim-ediates^^^^^ 
significantly enhanced yield. _ 

Badcgrounddf thelnventioii 

15 EpothJaones are macroUdecompounds,that find ^ti^ 

fidd, For example, epothilones A arid B having the stmctur^: 




O OH O 



20 " epothiloneA R=H 

. epothiloneB R=:Me 

may be found to exert micix^tubule-stabilizing effects similar to paclitaxel (TAXOL®) 
and hence cytotoxic activity against rapidly proUferating ceUs, such as, tumor c^lls or 
25 . other hyperproliferative cellular disease, see Hofle, G., ei a/., Anpew. Ghem. Lit Ed; 
EngL, Vol. 35, No. 13/14, 1567-1569 (1996); WO93/1012i published May 27, 1993; 
and WO97/19086 pubUshed May 29, 1997. 
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Derivatives and analogs of epothUones A and B have been synthesized and 
may be used to treat a variety of cancers and other abnormal proliferative diseases. 
. Such analogs are disclosed in Hofle et aL, /rf ; Nicolapu, KLG., a/., Angew. Chem. 
Int. Ed. EngL Vol 36, No. 19, 2097-2103 (1997); and Su, D.-S., g^aZ.,Angew. 
5 . Chem> Iht Ed. End.. Vol. 36/Nb 19, 2093-2097 (1997). . 

Analogs of the epothilbnes liiat have beien fom 
. are represented by the fpUowing sto 




wherein (J, and R^^ 

10 An improved synthesis for these analogs involviiig novel intOTuediates is provided in 
: accordance m 

SunimaiT of the Invention 

The present invention is directed to a process for the preparation of 
15 compounds represented by fonnulas I and II wherein Q, Z, and through R^ are as 
' defined below. 





The compounds represented by formula;! are novel intennediates for the preparation 
■ of epoMone analogs that are useful in the treatment of a variety of cancers and other 
20 • abnormal proliferative diseases. Compounds represented by fonnula I may be utilized 

to prepare, epothilone analogs represented by fbrmula n which are useful as anticancer 
[y- .'\ agents.: 



2- 
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Detailed Desciipticin of the Invention 

The process of the present invention provides an advm 
5 the compounds represented by formida n including the preparation of novel ring , • 
. opened epothilone intermedi^e compounds represented by formula L 





10 



Ai used in formulas I aind n, and throughout the specificiatipn; the meaning of 
the symbol Q is: 

M is selected from the group consisting of oxygen, sulfur, NR^ and.CR.'R- ; : 



>16 



16 



Nt ^r17 Pt—Rl7 



► 18 



18 and 



18 



rV-R^ R^, and R- ^ - R^^ are selected from the group consisti^ 
15 alkyl, substituted alkyl, aryl, substituted aiyl and heterocyclo, and wherein R- and R^. 
/ are aUcyl/they can be joined to foim^ 

i^ selected from the group consisting of h^ 
aryl, substituted aryl, cycloalikyi, heterpcyclo and substituted heteixxjyclo; 
RMs selected irom the group, consisting of h 
20 R^^C=<),R*^be=0andR"SO2; 
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aid R^^ are selected from 1^^^^^ 
substitoted alkyl^ aryl, heteroc^^^^ 

R^^, R^'^, and R^^ are independently selected from the. group consisting of 

5 Th6 process of the present inventiph is advantageous in thiat only two steps are 

: required to prepaid the epothilone analogs from the epothilone starting material, for 
example, eppthilone B. Two further distinct advantages of theprocess of the present 
invention are that the yields of crystallized compounds represented by formula II are 
significantly higher thaii those previously realized utilizing the free acid of the 

10 ^ciompound represented by formula I as the intamediate an4 the fact that 

the piEgparation of the intermediate is ainendable to bieing carried oiit in one step. A 
further 

! material to the eppthilone represented by fonimla II without the need to isolate and 
purify an intermediate. Those sldUed in the art xyiU^ 
15 ecbnbmic benefits of such a process. 

: / Dftfinitinris 

The following are definitions of various terms used herein to describe this 
; invention These defiiiitip 
20. specification, unless otherwise limited in specific instances, either individually or as 
; part of a larger group. 

llie term "epothilohe", as usdl herein, denotes compounds^ 
epothilone core and a side chain gtx)up as defined herein. The terxn "ppothilone core", 
as used herein, denotes a moiety containing the core structure (mth the numbering of 
25. rin 




wherein the substituents are as defined herein and where 
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X is selected from the group consisting of C=0, CH2 and CHOR^^; 

and are selected from thie group cons^^^ 
R*^ and R^ are selected from the group consisting of hydrogen, alkyl, = 
substituted 2dkyl, tri 

5 R?* is selected fipm the group consisting of hydrogen, alkyl, substituted alls^l, 

aryl, and heterocyclo^ 

The term "side chain group'* refers to substituent G as defined by the 
foUowing foimiiia 

. "'Ym^A-\.- 

lO, .;- where ■■. ■ 

A is optionally substituted alkenyi; 
Y is an bptionaUy substitute^ ring is^^ 
le^t one carbon to carbon double bond in at le^ - 
miszdco'or 1;- 
15 llie term "alkyr- refers to pp^^ 

'.- ' saturated hydrocarbon groups haying from 1 to 20 carbon atoms, preferably from I to 
7 carbon atoms. The expression "lower alkyl" refers to optionally substituted alkyl ■ 
groups having from 1 to 4 carbon atonas. 

The term "substituted alkyF* refers to an alkyl group substituted by, for 
20 example, one to foiir substituents, such as, halo, trifluoromethyl.tri^^ 

hydroxy, alkoxy, cycloalkyoxy, heterocylopxy^ 0x0, alkanoyl, aryl, aryloxy, aralkyl, 
alkaiidyloxy, amino, alkylamino, arylaiiiino, aralkylamino, cycloalkylamifio, 
h^erpcycloamindj disubstituted amino in which the two substituents on the amirio 
group are selected fro 

25 aralkanpyiamino, substituted alkanoylamino, substituted arylai^ substituted . 
aralkanoylamino, thiol, alkylthid, aryltWo, aralkylthio, cycloalkylthio, heteicocyclpilhip, 
alkylthiono, arylthipno, aralkylthiono, alkylsulfonyl, arylsulfonyl, aral^ ^ 
sulfohamido (e.g. SO2NH2), substimted sulfonamido, nitro, cyano, carboxy, carbamyl 
(e.g. CONH2), substituted carbamyl (e.g. GONH alkyl, CONH aiyl, CONH aralkyl or 

30 instances where there are two substituents on the nitrogen selected from alkyl, aryl or 
aralkyl), alkpxycarbonyl,; aryl, substituted aryl, guanidino and heterocyclps, such as, 
indoiyl, imidazplyl, furyl, thienyl, thiazolyl, pynolidyl, pyridyl, pyrimidyl and the like. 
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VSVThierein, as noted abbve, the substituents themselves are further substituted, such 
further substituents are selected from the group consisting of halogen, alkyl, alkoxy, 
aryl and aralkyL The definitions given herein for alkyl and substituted alkyl apply as 

5 The term "aUcenyl" refers to optionally subistitutecl unsaturated alijpfhatic 

hydrocarbon groups having from one to nine carbons and one or more double bonds. 
Substituents may include one or more substituen^ 
.substituted alkyl. 

The term "halogen" or "halo" refers to fluorine, chlorine, bromine and iodine. 
10 The term •*ring system^ refers to an op^^ 

containing one to three rings and at least one carbon ifo carboid double bond in iat least 
one ring: Exemplary ring systen^ 

:or fully unsaturated heterocyclic ring system, >yhich may be optionally substituted. 
The term "aryl" refers to mpnbcycUc or bicycH^^^^ 
15 halving from 6 to 12 carbon atoms in the ring portion, for example^ phenyl, naphthyi, 
biphenyl and diphenyl groups, each of which may be substituted. 

The term "aralkyl" refers to an aryl group bonded to a.larger entity throiijgh an 
alkyl group, such as benzyl. 

The tenri "substituted aryl" refers to an aryl group substituted by, for example, 
20 one to four substituents such as alkyl; substituted alkyl, halo, trifluoromethyl, : 
tnfliiordmethoxy, hydroxy, alkoxy* cycloalkylpxy, heterocyclop alkanoyl, \ 
dkanoyloxy, auMno, alkylanm . 
hbterocyclpamino, aikanoylaminb^ thiol, alkylthio, cycloalkylthio, heterocyclothio, 
: u^ alfcylthioho, 
25 aiylthionb, alkysulfonyl, sulfonaimdo, aryioxy ^d the like. The substituentmay be 
: frirther substituted by one or more members selected.from tiie group, consisting of 
halo^ hydroxy, alkyl, alkoxy, aryl, substituted alkyl, substituted aryl and aralkyl. 

. The term "cycloaUcyl" refers to optionally substituted saturated cyclic 
hydrocarbon ring systems, preferably containing 1 to 3 rings and 3 to 7 carbons per 
30 ring, which niay be further fiised with an unsaturated Gsr-Cv carbocyclic ring; 
: Exemplary groups include cyclopropyl, cyclobutyl, cyclopent^^ . 
cycloheptyl, cyclooctyl, cyclodecyl, cyclododecyl, and adamantyl. Exemplary 
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substituents include one or more alkyl . groups as described above, or one or more of 
the groups d^cribed above as substituents^ 

. The terms "heteroeycle", "heterocyclic" and •lieterocyclo" refer to an . = 

- optionally substituted, unsaturated, partially saturated, or fuUy isaturated, 2^ 
5 noharomatic cyclic group, for example, which is a 4 to 7 meinbered monocyclic, 7 to 
11 membered bicyclic, or 10 to 15 membered tricyclic ring.system, which has at least 
one heteroatom in at least one carbon atomn^ontai^^ Each ring of the . 
. heterocyclic group c6htaj|dng a heteroatom may have .l, 2 or 3 heteroatpms selected 
froimnita:ogen atoms, oxygen 
10 heteroatpms may also optionally be oxidized and the nitrogen heteroatomis may also 

optionally be qiiaternized. The heterocyclic group may be attached at any heterbatoifi 
• -orxaibbn at(MiL' ^ 

Exeniplai^^ monocycUc heterocyclic gro 
indplyl, pyrazolyl, oxetanyl, pyrazoiihyl, inndazolyl,^^ i^ imidazolidinyl^ 
15 oxazolyl, oxazolidinyl, isbxazolinyl^ isoxazolyl, thiazolyl, thiadiazolyl, thiazolidinyl, 
/ isothiazolyl, isothiazoMinyl, ftuyl, tetrahydrdfuryl, thienyl, oxadiazolyl, piperidinyl, 
piperazinyl, 2roxopiperazinyl, 2K)xdpiperidm 2HOxop5Trolidinyl, 2-oxa2epinyl, 
azepinyl, 4Tpiperidonyi, pyridyl, N-pxo-pyridyl, pyrazinyl, pyrimidinyl, pyridazinyl, 
tetrahydropyranyli tetrahydrpthiopyranyl, tetrahydrbthiopyranyl sulfone, morpholinyl, 
20 thiompiphoUnyl, tWomoipholinyl sulfpxid^^ 

and tetrahydro-I, 1-dioxothienyl, dioxanyl, isothiazbUdiny^ thiiranyl, 
triidnyiC and triazql^^^^^ 

Eicemplary bicycUc heterocyclic giroups include 
benzotWehyl, quinucUdinyl, quinolmyl, q 
25 isoquinplinyl, benzinudaz beiizopyranyl, indblizinyl, benzbfuiyl, eliromonyl, : ^ 
coiimarinyl, cmnolinyl, quinoxalinyl, indazolyl, pyrrolopyridyl, fiiropyridihyl (such as 
furot2,3-G]pyridinyl, furo[3,l-b]py^ 
dihydroquinazolinyl (such as 3,4-dihydro-4-oxo-qui^ 

bienzisoxazblyl, benzodiazinyl, benzpfurazanyl, benzothiop)aanyl, benzotriazolyl, 
30 benzpyrazolyl, dihydrobenzofiiryl, dihydro 

dihydrbbenzpthibpyranyl sulfone, dihydrobenzopyranyl, indolinyl, iisochronianyl, 
. isoindoUnyl, naphtfiyridinyl, phthalazinyl, piperonyl, p^ ^ 
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quinazolinyli tetrahydroquindlinyi, thien^ tMenbthieiiyl, and the 

• ■ Uke.:/ 

Exemplary substituents for the terms **ring system," "heterocycle 
**heterQcyclic," and "heterocyclo" include one or more 'substituent groups as described 
5 above for substituted alkyl or substituted aiyl, and smaller heterocyclos, such as, 
epoxides, aziridines and the like. 

The term "substituted alkanoyl" refers to -C(0)-substituted alkyl. . . 

The terin •Tieten)atoms" sliaU 
10 Tlie compounds represented by fo 

and inorganic acids. Such salts include those formed with hydrogen chloride, 
hydrogen bromide, petihianesulfonic acid, hydrpxyethaniK acid, sulfuric acid, 
; acetic acid, trifluoroacetic acid, maleic apid, benzenesulfonic acid, tbluenesulfonic 
acid and various others as are recognized by those of ordinary skill in the art oiF 
15 : phannaceutical compounding. Such salts are^f^ 

represented by f onnula n in an equivalent amount of the acid in a medium in which . 
. the salt precipitates or in an aqueous m^ 

In addition, zwitterions ("inner salts") can be formed and are included within 
.thfetennsa^^ 

20 The compounds represented by fonnulae I and n above naay exist as multiple 

optical, geometric, and stereoisomers* While the conippunds shown ierein are 
depicted for one optical orientatioii, included within the present invention are all . 
isoiriers md inixtures thei^f ^ 

25 / Use and Utility 

The invention is a process by which compounds represented by formula n 
above that are microtubule-stabiliziiig agents aire produced. The compounds, and flius 
the process, are lisefiil in the treatment of a variety of cancers and other proliferative 
: diseases including, but not limited to, the following; 
30 7 carpmpma, including that of the bladder^ breast, colon, kidney, liver, lung, 
oyaiy? pancreas, stomach, cervix, thyroid and skux, including squamous cell 
carcinoma; 
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^ hematopoietic tumors of lymphoid lineage, includinjg leukemia, acute 
. lymphocytic leiikemia, acute Ijm 

lymphoma, Hodgkins lymphoma, non-Hodgkins lymphoma, hairy cell lymphoma and 
Biurfcetts lymphoma; 
■ • 5 ; - \ hematopoietic tumors of myeloid Uneage, including acute land chronic / 
myelogenous leukenu^ 
y - tumors of mesenchymal origii^ inclu<^^ 
iliabdpniybscarGprim 
y ^ other tiunors, induding melanoma, sei^ teratocarcinoma, ; 
- : m^^^^^n^ 

- • tiunors of the.ceiitraljuid perip^^ 
neuroblastoma, gUoniaii. and s 

- tumort of mesenchymal ojdgin;includm 
: and osteos(arcoma; arid 

li5 - other tumors, including melanoma; xeroderma pigmentosum 
■ keratoacanthorna, seminoma, thyroid folUcular cancer ' 
The compounds produced by the invention as represented^ 
wiU also inMbit angiogenesis, thereby affectm^ 
. treatment of tumors and tumor-related disorders. Such anti-angiogenesis properties of 
20 the compounds represented by fornaida H wiil also be useful in the treatment of other 
conditions responsive to anti-angiogenesis agents inciuding, but not limited to, ceal^in 
forms of blindness related to retinal vascularization, arthritis, especially inflammatory 

Compounds produced by the invention as rep^ 
25 ; induce or inhibit apoptosis, a ph^ysiological ce^^^ 
^ development and homeostasis. Alterations of apoptoti^ 

pathogenesis of a variety of human diiseases. Compoimds represented by formula n, 
; as 'modulators of apoptosis, wiU be useful in t^^ 

. diseases with aberrations in apoptpsis including, but not limited to, cancer and 
30 precancerous lesions, immune response related diseases, viral infections, degenerative 
diseases of the musculoskeletal system and kidney 
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Without wishing to be bound to any mechanism or moiphplpgy, the 
compounds produced by the invention as represented by formula II may also be used 
to treat conditions other, than cancer or othi&r proliferaitive diseases. Such conditions 
include, but are not limited to viral infections such as hMpesvihiSi poxvirus, Epstisiri- 
5 Barr Virus, Sindbis virus and adenovirus; autoimmune diseases suctii as systeiiiic lupus 
erythematosus, immune mediated glomerulonephritis, rheumatoid 
inflammatory bowel diseases and autoimmune diabetes mellitus; neurodegenerative . 
disorders such as Alzheinaer's disease, AIDS-related dementia, Parkinson's disease, ' 
amyotropMc lateral sclerosis, retinitis pigmentosa, spinal muscular afr^ 
10 cerebellar degeneration; ADDS; myelodysplastie syndromes; aplastic anemia; ischemic 
: injury associated myobardial infarctions; strbke and reperfiision injury; i;estehosis; \ 
OThythmia; aflierosclerosis; toxin-induced or ialcohol induced liver disesises;; 
hematological diseases such as chronic anemia aad aplastic aneznia; degenerative 
diseases of the inusbuloskdetd sy$teiin sucli as osteoporosis and arthritis; aspirin- 
15 sensitive rhinosinusitis; cystic fibrosis; multiple sclerosis; kidney diseases; and cancer 
/■■pain:- 

General Methods of Preparation 

The novel open-ring intermediates represented by formula I can be prepared 

20 from an epothilone starting material represented by formula in in Scheme 1 wherein 
Q, Z, and through are as defined above. The epothilone starting materials 
represented by formula III are known compounds, see* for example, Hofle, Q., et al., 
Angew. Chem. Int Ed. End.. Vol. 35, No:13/14, 1567-1569 (1996); W093/lpl21 
pubhshedMay 27, 1993; and WC©7/19086.publisl^^^ 

25 grfl/.: Angew Chem. Int. Ed. Engl., Vol: 36,No. 19. 2097-2103 (1997); and Su,D^^ 
etal, Angew Chem: Iht! Ed. Engl., Vol 36, No, 19, 2093-2097 (1997). 

As illustrated in Scheme 1, the epothilone starting material III is reacted with a 
suitable azide donor agent and a reducing agent in the presence of a phase transfer 
catalyst and a palladium catalyst under mildly acidic conditions, i.e. a pH not below 

30 about 5.5, preferably frorn pH 6.0 to 6.5, most preferably about 6.5, in a suitable 
mixed solvent system comprising water and an organic solvent such as THF, DMF 
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ahd tiielike. The reaction is conducted at ambient temperati^ 
perio4 e-gvin excess of twelve 

Tlie epotWlone starting materisd for tM^^ 
/ comprising an epothilone core and side chain as defined h^in. Preferably the 
startmg nouate 
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m 



Buffer to Acidic pH 
• — ; . . • » 

AzideDdrior 
Reducing Agent 
Phase Transfer Agent 
Palladium Catalyst 




Suitsfclie aade donor agents for this rea«^ 
Uthium or sodiuna azide, tetraalkylammoiuu 

tetrabutylammonium azide, trialkylsilyl azides, for example trimethylsilyl azide, and 
the like. Preferred azide donors are sodium azide and tetrabutyl ammonium azide. 
15 An especially prefen^ azide donor is tetrabutylanmiounium azidc; 
Suitable reducing agents are trialkylphosp^ 
tri(alkyl/aryl)phospWne, trialkylarsine, ^ 

thereof. Preferred reducing ageritis are trimethyl phosphme, triethyl phosphine, ^ , 
tribujyl phpsphine, triphenyl phosphii^^^ An especially 

20 prefecred reducing agent is M 

Suitable phase transfer catalysts or agents may include any quaternary oiuuin 
. saltand thbir conespondiiigam 
: : tetraalkyloiiium, tetrarajy 

types of onium substituents. More specifically the phase transfer catalyst may inqlude 
25 ; tetraalkylammonium halides such as tetrabutyiammohium chloride or 

. . benzyltriethylammonium chloride. An especially preferred phase transfer agent is 
. tetrabutylanunonium chloride. The onium substituent may be ammonium, 
phosphonium, or arsoniuna. Exemplary anions for these quarteniary salts include, but 
" are hot limited to, halides, hydroxyl, cyano, phosphate, sulfate and the like. Other 
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suitable phase transfer catalysts or agents a^^ 

Tranisfer Catalysis . Gordon and Breach Science Publishers, 1992, Chapter 1 and the 
references cited therein, the foil text pf which is incorporated herein by reference. 
The paUadium catalyst for the r^^ 
5 example, palladium acetate, paUadiunicMorid^ / 
phosphine), paUadium tetraMs-(triphenyl^^^ 

dipaUadium(0)chlorofbrm adduct (Pd2(dba)3.CHa^ A preferred cataiyst 

is tris-(dibenzyUdeneacetpne)-dipaUadium(0)cUorofonn a 
' TrisKdibehzyUdeneacetone)-dipaUadium is also a . \ 

io: illustrated in Scheme I, The chemistry of the palladiuna cs^talysts is knowui jsee for , : 
example, L L Tsuji. Palladium Reagents and G affllYsts; Tuii ovations in Organic 
Synthesis, New York, Wiley and Sons, 1995, the fuU text of which is incoii^ 
heiieiri by reference, .: ' 

Suitable bufering agents to maintain the pH vwthin the desirfed rang^ 
15 Doild acid or acidic salt^ siich as acetiQ acid, sodium biphosphate and^ pieferably, 
aininonium chloride. 

As shown in Scheme 2, epothilone analogs represented by formula n are 
prepared from the novel open-ring intermediates represented by formula I by: 
macrolactamizatiott utilizing a suitable macrolactamization or coupliiig agent in a 
20 niixed organic solvent system, such as TI^^ 



Scheme 2 




Macrolactandzation agents for the reaction mclude 
dmethylaminopropyl)-3-ethylcarbodiimide hydrochloride (E^ 
combination with l-hydroxy-T-azabenzotriazole (HOAT) or l-hydroxy-7- 



wo 02/060904 PGTAJS02/01853 

benzotriazole hydrate (HOBT), other cai^bodiinudes such clicyclohexylcarbodiiinide 
and diisoprppylcarbodiunide, O-bepM 
bis(tetrame&ylene)iironium hex 

azabenz6tri^ol)-l-yl-N, N, N\ N-bis(tetramethylene)uroniumhexafluorophosphate 
(HATu/DMAP), benzotriazole- l-yloxy-tris(bimethylaim 
. hexafluorophosphate (BOP), N, N-dirQethyl-4-aimnopyridme (DMAP), K2GO3, 
diisopropylamine, triethylamine and the like. A pireferred macrolactaniization agent . 
mcludes lr(3-diniethylanainopropyl)-3-ethylca^ hydrochloride (EDCI) in 

(i>mbination with l-hydrpxy-7-beiizotriiELz:ole Examples of odier suitable 

macrolactaniization agents can be found in I^ M.^ 

Chem; Rev,: 97. 2243-2266, (1997), the fuU text of which is incorporated herem by ■ 
leferencib. 

The cyciizatibn reaction as shown in Scheme 2 is carried out in the col4 Le. a 
temperature of from about 0°C to about -20°C, pr^^ferably from about -5°C to -lO^C, 

The reaction of Scheme 2 is carried out in mildly alkaline conditions with a 
mild base such as K2CO3, triethylamine, diisopropylamine and the like, preferably 
with K2GO3, to inhibit the production of any unwantied by-products. 

Scheme 3 below illustrates a preferred embodiment of tjie invention. The 
sjmthesis of the compounds represented by formtila II from the starting epothilohe 
material, epothilone B represented by formula tit is sequentiaUy r 
isolation of the hovel intermediate represented b^ as illustrated; 
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OH 




5 It has been found in ; 

; represented by formula n can be prepared in significantly improved yields in 
comparison to prior in^ods. Typically, the instant process produces about a three 
f old inckeiusie . 



10 ; All reference^^^ inporporated by reference as if Set forth at 

: length herein. 

Tlae fdUbwinjg non-limiting examples serve to fllustiate the practice of t^^ 
ihvetition. 
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. . .Example 1".,' . • 
(pS, 8R, CS, iiS, 2R, 3S)-3-[(2S, 3E>^^ 

hntenyl]^^y tr^^ y> ^ Tl» 2-pentamethyl-5-oxopxiraneiuidecm^ acid, 

: tetobutylaminonium salt (1:1). 




Li a 250 mL round bottom fl^ 
sodium azidiB (NaNs) (0 99 g, 2,0 equiyalfent); tetrabuyilMimb chloride (BU4NCI) 
(2 3 g/1/1 equivalents)/ammonium 
10 tetrahydrofuraii . 
and there was added thereto water (1.37 g, 10 equivalents, pre-degassed), trimethyl . 
phosjphin^ (PMes) (15.2 mL, i.GM solution in THF, 2.0 equivalents). . The reaction 
temperature of the mixtiire was equilibrated to 25^C before the additioii of tris- 
(dibenzylideneacetohe)-dipalladium (O)chlorojform adduct (Pd2(dba)3'CHGl3) (1 58 
15 mg, 0.02 equivalents). The resulting solution was magneticly stirred under an argon 
atmosphere for 19 hours and water (30 mL) and ethyl acetate (EtOAc) (30 mL) were 
added thereto. The two layers of the resulting mixture were separated and the 
aquepus layer extracted three times with 25 mL portions of ethyl acetate. The 
• : conibm^ ethyl aceta^^ 

20 .The resulting combined aqueous layer was saturated with spidium chloride (hJaCl) aind 
' the pH theiwf adjusted to ifroni 6 to 6.5 with sodium phosphate: monobasic 
(NaH2P04). The resulting suspension was extracted with five 25 inL portions of 
dichlorpmethane (CH2CI2) and the extracts were combined and dried over sodium 
sulfate. The suspension was filtered and the filtrate concentrated to provide 5.6 g gf 
25 the amino acid salt 
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Example 2 

[lS-[iR'*!3R*(E)3*40S^llR*/l2R%i6S*^ 
pentariieihyl-3-[l-methyl-2-(2^ : 
bxabicyclo[ 14;1 .0]heptadecane-5,9-d^^ 




The amino acid salt formed in Example 1 (4. 18 g) was dissolved in a one to ; 
one mixture of tetrahydrofiiran (IT^ 
10 and the resulting solut^^ 

c^6nate(K2Gd3) (0.75 g, 1.0 equivalent) and the mixture stirred for five minutes 
befdre the addition of l-hydroxy-7-benzotriazole hydrate (HOBt) (0.8$ g, 1.2 
eqmyalents) andl-(^^ 

(Ebd6 (2.09 g. 2.0 eqmvdents^ The resulting uMxture was stirred at -S'^C 
15 hours, d^C for eight hours a^^ 

acetate (ETOAc) (500 mL) and the resulting organic layer wa^ washed with five 120 
mL portions of water. The combined aqueous layer was washed three times with 106 
: mL portions of ethyl acetate. The combined organic layer was back extracted' with) 
three portions (100 mL each) of water, 100 niL of bri^ 
20 sulfate ) (MgS04). Filtration foUowed by concentration prp^^ 
' iR*3R*(E),7R*aOSVllR^12R*a6S*]]^^^^ 
: pentamethyl-3-[l-methyl-2-(2-met^^ 
oxabicyclo[14.1.0]heptadecaiQe-5,9-di6ne as a wW 

ifflPLC AP of 94.75. The product was passed through a pad of silica gel by pdeans of ^ 
25 solution of ethyl acetate/cyclohexaiie/tri^yl airdne (EtsN) (3/7/0.04) and crystalliiEed ^ 
froin ia mixture of eithyl acetate and cyclohexaine to give 1.6 g of purified product in 56 
% yield froiri epotiiilone B with a HPL^ / 
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Examples 

: ; pehtamethylT3-[i-methyl-2-(2-^^ 
oxabi6ydo[14. 1 .0]heptadeeane-5,^^ 




To a jacketed 125 inL iourid Mto^ 
; there was combined epothilone-B (5.08 g), tetrabutyammomumazide(BvuNN3>^ 

gv 1.25 equivalents), toimonium chloride (l.d7g, 2 eq), water (1.8 ml, 10 
; equivalents), tetrahydrofuran (THF) (15 ml), and N,N-dimethylformainide (DMF) (15 
ml); The mixture was inerted by sparging nitrogen subsurface for 15. minutes. In a ; 
second flask was charged tetrahydrofuran (70 ml), followed by trimethylphosphiiie . 
(PMea) (1;56 inl, L5 equivalents), then tris(dibenzaidineacetone)KiipaUadium(0)- 
chlorpjform adduct (Pd2(dba)3 CHCl3)(0.259 g, 0.025 equivalisnts). The catalyst 
mkture was stirred for 20^1^ 

eppthUone-B mixti^ The combined mixture was stirred for 4.5 hours at 30 °C. The 
completed reaction roixti^ was then filtered to rempye solid ammoniuin chloride 
(NH4CI). 1^^ (pS, 8R, CS, TiS, 2R, 3S)-3-[(2S, 3E)-2-amiho-3- " 

methyl-4-(2-methyl-4-tWazolyl> fi, ri, 2-pentamethyl- 

: 6-oxooxxicaneuridecanoic aci^ tetrabutylammoniiim salt (1:1) with a HpLC area pf 

'^..■•94,1%;'. ■ v. ■■ 

. kaSOOmLfiasktherewas 
ethylcarbodii^ (3,82 g, ! equivalents), l-hydroxy-7- . . 

■ ■ benzotrij^ole hydrate (HOBt) (l.iSS & 1.1 equivalents), potassium carbonatis (L38 g, 
1 equivalent)* N, N-dimethylfonnamide (DivIF) (40 ml) and tetohydrofiiran, (THF) 
(160 ml). Theinixturewais wanned to SS^'C and the fiUtrat 
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thereto, dropwise over a period of three hours. This mixture was then stirred for an 
additional 1 hour at 35 ^^C. Vacuum distillation was then applied to the reaction 
mixture to reduce the volume thereof to about 80 mL. The resulting solution was . 
partitioned tetween 100 mL of ethyl acetate arid 100 mL of water. The aqueous layer 
5 was then biack-extracted with 100 ml ethyl acetate. The cbmbmed organic layers Were 
extracted with 50 ml water arid then 20 mL brine; The resulting product solution was , 
filtered through a Zeta Plus® pad arid then stripped to an oD, The crude oil was ' 
; chromatographed on silica gel 60 (35 ml silica per gram of theoretical product) with^^^^^^^^; 
; an eluent comprised of 88^ dichldromethane (CH2CI2), 10% etiiyl acetate (EtO Ac) 
.10 . and i% tripthylaniine^i^^^ were analyzed by HjPLG/the p^^ c 

wMch were cbnlbined and stripp^ Tte resulting sdM Was 

slurri^ in eliiyl ace^ (32 nil) for 40 minutes at 75 ''C, then cyclotexme (CeHn^^ 
nil) was aidded, and the mixture cooled to **C; Tlie piuified solid was coUected on 
; filter paper, washed with cold ethyl aeetate/cydphexanei and dried. The yield was 
15. . 1.72 g (38% yield) of the white solid product, [IS- , ^ '.: 

• ; |:lR^3R*(E),7R*,ldS*,llR*,12R^ 

jpentamethiylr3-[ 1 -methyi-2-(2-methyl-4-^^ 

0xabicyclo[14.1.O]heptadecane~5,9tdione,^^w HPLC area of 99.2%. 

20 Exainple4 

[lS>[lR*,3R*(E),7R*,10S*,nR^ 
pentamethyl-3rU-iie&yl4-(2-meth^^ 
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In aiiother embodiment of the ihyention the title coinppund can be prepared in 
a single reaction vessel without isolating the intermediate salt (represented as formula 

Jn a 25 mL round bottom flask is combined eppthilone B (3.87 g), sodium 
: . 5 azide (NaN3) .(0.99 g, 2.0 equivalents), tetrabutylammphium chloride (BU4NCI) (2.3 g, 
i.l equivalents), ananaonium chloride (NH4CI) (0.82 g,2.0 equivalents) and 
tetrahydrofuran (THF) (60mL). The resulting suspension is degassed with argon and 
.. . there is added thereto water (137 g, 10 equivalents, pre-degassed), and 
t^imethylphosphine (PMea) (15.2niL, l.OM solution in THF, 2.0 equivalents), The 
io reaction temperature of the mixt^ 
tris(dibenziUdineacetone)^ 
mg, 0.02 equivalents).^ -T^^ 

seventeen hours. Tie temperature of the reaction sdlution is cooled to rS^C. Thei^ is 
added potassium carbonate (K2C63) (0.75 g, l.G eqiiiyalent) andthe irdxhitte is sti^^ 
15 for five minutes before the addition of l-hydroxy-7-benzotriazole hydrate (HOBt) 
. (0.88g, 1.2 equivalents) and l-[3-(dime&^^ 

hydrocMoride (EDCI) (2:69 g, 2.0 equivalents). ^^^T^ 

. S^'C for two hours, .0°C for eight hours and WC for two hours. Ediyl acetate (500 
mJL) is added and the resulting organic layer is washed with five 120 mL portions of 
. . 20 waiter. Thp combined aqueous layer is back extracted three tunes with 100 mL 

portions of elliyl acetate. The combined oi-ganic layers are then washed with 100 mL 
: of brine indd^ 

concentration provides about2.5b g bf the named product as a The 
product is passed through a pad of silica gel by means of a solution of etiiyl 
25 iacetate/cyclohexane/triethylamine (E (3/7/0.04) and crystallized froni a naixture of 
ethyl acetate and cyclohexane to give about 1.6 g of pu^ 
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ExainpIeS ' 

Tetrabutylaimabnium azi^ 

To a 50 mL round bottom 

combined tetrabutylaimnomum cM^^ 
5 sodium azide (1.82 g 1.4 equivalents) in DMF 14 ni. The niixture^w 
' . 72 h at 20-21 °C. The reaction was diluted with THF <28 mL) and the solids were 



■■'Exjample-6 '■ 

10 Tetrabutylamm 

To a Sb aiL round bpttoin flask, f^^^ with a niagnetiaslinmg b?^^^ 
combined tetrabutyi 
azide (2.03 g 1.4 equiv2dents) 
; 30 °G h, Tlie reaction was diluted with THF (2? inlJ):and the solids were filter^ off 
15 and washed with THF (12 : ' . . . 

■ Example 7 

ilS-[lR*3R*(E),7R^ 
: pehtamediyW^^ 

20 




Toaip0mLix>imdb6tt6infiM^^ 
25 combined epothilone-B X10.15 g), solution of tetrabutylammonium Mide (BU4NN3) 
(5(5mi, 1.25 equivalents) in DMF and THF^ animoniuni chloride (2. 14g, 2 eq), water 
•(3.6 ml, 10 equivalents)/an^ Theniixbre 
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was inerted by sparging nitrogen subsurface for 30 minutes. lii a second flask was 
^ V charged tetrahydrbfuran (40 ml), followed by trimethylphosphine (PMea) (3 ml, L5 

} equivalents), then tris(dibenziHdineacetone)-<UpaUa<U^^ adduct 
:::^:(^^^ The catalyst mixture was s^^ 

■ 5 20 minutes at ambient temperature, then added to the epbtMlone-B mixture. The 
combiaed mixture was stirred for 18 hours at 31-35 °C. The completed reaction 
mixture was then filtered to remove solid ammonium chloride (NH4GI). The filtrate 
: . V contained (pS, eR, CS, nS, 2R, 3S)-3-[(^S, 3E)-2raminp-3^^ 

: V: 10 uhdecahoic acidi teitrabutylarbmomum salt (1:1). 

lQa.250mL 

e*hylciarb6diimide hydiocWoride (TO equivadents), iJiydrca 

• benzotriazole hydriat^ (HOBt) (3.06 g, 1 ajuivalent), potassium carbonate (1.4 Ig, 0.5 
equivalent), N, N:-dimethylfoimainide (DM^ 

15 ml). The mixture was warmed to 35°C and the filtrate from aboye was added thereto, 
slowly over a period of four hours. The resulting solution was then partitioned 
v.; • between 80 mL of ethyl acetate and 21Qn}L of w 

back-extracted with 2 X 80 ml ethyl acetate, Th 

ex:tracted Avith 120inl water and dried over sodium. sulfate. The residting p^^ 

: ; : with ethyl acetate (60 roL). The combined filtrate was concentrated under y^^^^ 

y final volunie of -100 niL below 30^^ 
heated fdrSO minutes at 
; 25 mixture cooled to 21 ^C. Ite purified solid was coUecte^ 

• with ethyl acetate/heptane, and dried. The y^^^ (44% yield) of the white 
soHdpioduct,[lS-[lR^3R*(E),7R^l^^ 

; 8,8,10,12, 16-pentame^^^^ 
N oxal)icyclo[14.1. 
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Examples 

[lS-[lR^3R*(E),7R*aOS*JlR*42R^^^^^ 
pentairieiliyl-3-[l-methyl-2K2^^ 
oxiabicycld[14 J .0]heptadecM^ 




To a 100 niL round bottom flask, fitted with a mechanical stirrer, there \vas; 
combined epothiiqne-B (5,1 g), solution of tetrabutylmmionium azide (Bu4NN3) 
10 (29ml, 1.30 equivalents) in DMF and THF, ammonium chloride (1.07g, 2 eq), water 
(1:8 ml,10 eqmvadents),; and (DMF) (3 ml). The mixture 

- was inerted by sparging nitn^ In a second flask was 

chairged tetrahydirdfaran (20 nd)/foilowiBd by triniieitliylplio^^ (PMea) (1.5 ml, L^^^^ 
equivalents), then tris(dibenzalidineace^ 
15 (Pd2(dba)3 CHGl3)(() -ns g, 6.0 17. equivalents). The catalyst niixture was stured for 
20 minutes at mnbientteniperat^^ lie 
combined mixture was stirred for 18 hours at 3 1-35 ^'C. The completed reaction 
mixture was then filtered to remove solid ammonimn bhloride (NH4CI), followed by a 
zeta pad (R53SP or R5 ISP) filtration. The filtrate contained (pS, eR,^, tiS, 211, 3S> 

20 3-[(2S, 3E)-2-amino-3-methyM-(2-^^ 

7, £, T], 2-pentameliiyl-5-oxooxxiianeundecanoic acid, tetobutylainmdniumsalf (h 

In a 100 mL flask there 
. ,e%lcarbodiimide hydroctdori^ (EDCf) (3;9 g, 2 equivalents), i-hydrbxy-7-; 
benzotriazbie hydrate (HOB0 (l.i52 g, 1 equivalent), pot^issium carbonate (0V67g, 0.5 
25 equivalent), N, N-dimethylformamide (OMF) (20 ml) and tetrahydrbfuran (TO (12 
ml). The mixture Was warmed to 35''C and the filtrate from above was added thereto, 
slowly over a period of four hours. Thei resulting solution was then partitioned 
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between 25 inL of ethyl acetate and 100 inL of water. The aqueous layer was then 
■ back-extracted with 2 x 25 ml ethyl acetate, The combined organic Isfyers y^ere 

extracted with 60 ml water. The resulting product solution was filtered dirough a zeta 
pad (R53SP or R51SP). The crude solution was diluted with 1 part of cyclohexane . 
: 5 and l%v/v of triethylamine was added This solution wais filtered through a pad of 
siUca gel (5g of florisil per gram of input). ^ ^^^^ 

acetatexyclohexane (400 mL) containing 1% v/v triethylamine. After discarding the 
: . first lOb nU, the filtrate was concente^^ 

below 30 ''P^^^^ niJL) wa^ added and the resulting sli^ 

10 heated for 30 minutes at Jl ^'C. Finally the na4xtui^ was cooled to 21 ; 
■ pun collected on filter pai)eri wjashed with ethyl acetate/cyclohexane, 

dried. The yield was 5.1 g (51% yidd) of the white sbUd pi)^^ [IS- 
; [lR1^,3R*(E)JR*,10S*,im^^ 
ipenta^ 

15 oxabicyclo[14a,0]heptadecane-5,9-^^ 

ExampIe'-9 
[lS-[|R*,3R*(E)JR*a0S*aiR*a2R* J6S 

pentamethy^3-[l-methyl-2-(2-n^e^^^ . 
20 bxabicyclo[141.0]heptadecaneT5,9-dione. 




OH 



.Sodiumazide (NaN3, 10.20 g) \v2^^ water for about. 15 

25 = ; minutes in a Morton flask and 70 mL of dimethylformamide (DMF) was added to the 
resulting aqueous slurry. The agitation was continued for an additional 15 minutes 
and solid tetrabutylammbniun chlpride (TEf ACl, 43.(6 g) was added to the mixture. 
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The agitatioii was continued for an additional 24 h. The tetrabiitylai^ 
(TBA-Nb) ojncientration was measu^^^ Tlie T6 A-N3 fonnatioh 

was very fast and substantial concentration Was observed as early as 15 minutes after 
" addition of TB ACL. Tetrahydrofuran (THF^ 140mL) was ad<ied tp the richTBA-N^ 
5 solution. The slurry was filtered on a Buchner funnel and the residue was washed , - ■ 
. \vith 60 mL of additional T^ 
content was analyzed by Iff LG. : 

10 : '^Example id; 

: [IS-[1R*,3R*(E),7R^^ 
pentajaie&yl-3-[I^methyi-2-(2-^^ 
6xabicycio[14;L6]heptadecane-5,9-^ 




Sodiuin azide (NaNa, 3.04 g) was stirred with 4 mL of water, fpr about 15 
minutes, in a 100 liiL flask, at ^1^^^^^^ Solid tetrabutylanraioniun cmoiide-(^ 
13.05'g) was added to the mixture^£^^^^ ' 
. 20 Dimethylfonhaniide (DMF, 2 mL) was added and the nxixture stinred at 18-33 ^'C, 
until the supernatant showed >90% azide by HPLG determination. TetrahydrofiHan 
(THF, 42 itnL) was added and the slurry was filtered. The residual solids wer^ washed 
with 1 is mL of THF. Tte rich tetrabutylanmionium azide (TB A-1^3) soliitipn was 
qUantit^ted for azide by HPLC and the KF jneasiired prior to use. 
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^ Weda^ 

1. A compound represented by the fonnula 




wherem:;^- 

Q is sel<ected from the grpup consisting^ of 




and 

■ . .■ ■ » . .■ . • 

M is selected from the group consisting of oxygen, sulfur, NR^ aiid CR^^°; \ 
Z is selected from the group consisting of 



- R'^> and R^^ - R^^ are selected from the group consisting of hydrogen, 
iaHtyl/substituted al^ aryl, substituted aryl aild heterocyclo, and wherein R^ and R^ 
are alkyl, they can te^ 

R^ U selected fipni the group consisting of hydrogen, alkyl, substituted alkyl, 

■ R^ is sel^ted froni the group consistinig of h^ alkyl, substituted alkyl, 

' R^ 

; R^ arid R^^ are selected from the group consisting of hydrogen, halogen, alkyl,. 
: ' substituted alkyl, ary^^ and R%C=0; 

Y 20 ; ^ R^^R^^andR^^are indepei 



alkylvaryl, and aralkyl; 

. and^any salts, solvates, or hydrates tiiereof. 
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2. A cotnpound in 
formula 




OH 



3 



O OH 



■■5 3. A cpmpovind in 
struclxire 




OH o ,\ 
4. A process for preparing a GOihppimdr^^ 

OH 




10 



. \..0:'-'' OH 

whierein: 

Q is selected from the group consisting of 



and 




15 



. M is selected ifrpm .the group consisting of oxygen, sulfur, MR*, and CR'R*°; ; 
Z is selected from fibe g^^ 
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L ifi 



r18 , /j^l8 and . j^I8 

- R'', and R" - R^^ are sd^ 
akyly substituted alkyl, aryl, substituted aryl and beterocyclo, and whearein R^ and R^ 
. • jkpBk^ to form a cycloalkyl; 

5 is selected from the group consisting of hydrogen, alkyl, substituted alkyl, 

' 1^ 

R^ is selected from the group consisting of hydrogen, alkyl, substituted alkyl, . 

R^ iand R*^ are jselected from the group consisting of hydrogen, hdogeri, alkyl, 
iO substituted^ 

R^^ R*\ and R*^ are independently se^ 
alkyl, aryl, and aralkyl; 

comprising reacting aii epothilpne starting material represented by the formula 



OH 




* wherein Q, and R^ through R^ are as defined above with an azide donor agent arid a 
inducing agent in the presence of a phase transfer c^yst and a paliadixun catalyst; 

5; A process in accordance with claim 4 for preparing a compound it^resented 
20 by the formula . ' 
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■ 6. A prbcess in accordance with claim 5 ^ wherein said epotidlone starting ; 
raaterial is epothilbne B, ah^ forioiula W is representied by t^^^^ 

5 structure . 




7. A process for preparing a compound lepieseht^^ 

OH 



10 



wherein: 




R' 



and. 




M is selected from the group consisting of oxygen, . sulfiir, NR^, and CR^R*°; 
Z is selected from the group corisisting of 

•-.28-' . ■ * 
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R" 





R« 


R'« . 


-r" 


I't^R" . 


V-r-R" 


» 


and 





- r'^, and - R'^ are selected^ 
allcylvsubstituted allcyl, aryl^ substituted aryl and heterocyclo, and wherein R^ ahdR^ 

5 R^ is selected from the group consistbg 

R^ is selected from the group consisting of hydrogen, alkyl, substituted alkyi, 

]^ 

R^ and R^° are selected from the group consisting of hydrogen, halogen, alkyl,. 
10 substituted alkyl, aryl, heterdcyclo, hydroxy, R^'*C=0, ^d R -^00=0; 
R^f , R", andR^^ are independenfly isel^^ 
alkyU aryl, and aralkyl; 

comprisiiag reacting an epothilone starting inaterial liefpresented by the forinula 




15 "wherein Q, and R^ through are as 

V buffering agent in the presence of a palladium catalyst and a reducing agent. 



8. A process in accordance with claim 7 for preparing a compound represented 
, by the formula 
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9. A process in accordance with claim 8, wherein said epothilone starting 
materiid is epothilone B/and said com 
'5;^ structure" '■ \- , -* 




10 



101 / A process in accordance with claim 7, wherein sm^ 
tetxabutylanamoniuni aa 

11. A process for the preparation of an epothilone repres^ted by the formula 




3 : 



..wherein: 

. Q is selected from the group qonsisting of 
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.. j<V .;:. 

M is selected from the ^oup consisting of oxygen, sulfur, NR^, aiid CR^R^°; 
R^-R^, R'', and R^^ - R^^ are selected from the group consisting of hydrogen, 
■; alkyl, substituted alkyl, aryl; substituted aryl and heterocyclo^ and wherein RJ and R^ . 
5 are alky], they can be 

: R^ is selected from the group coiisisting of hydrogen, alkyl, substituted alkyl, 
aryl, substituted :. . 

R* is selected from die group consistm^^^ aUcyl, substituted alkyl, 

10 R^ and R*° are selected froin die g^^ 

: • -substituted alkyl, aiyl, hetCT^ 

which comprises carrying out a macrolactamization reaction of an ; 
interinedia.te compound represented by the fprna 



OH 




;15 '. 'Wherein:." 
:: Q,MdR^^t^ 

Z is selected from the group consisting of 



n^r" f— r" V— r*' 

r'* • r" and i^iz 



; and 

R^^ R^^ and R^^ are independenfly selected from 
20 alkyl, ajrylj and aralkyl; . . 

in the presence of a smtoble coupling agent for such re 
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5 13. A process in accordance with claim 12 wherein said epoUiilone represented by 
fonni^a n hais the stnicture^ 




O OH 



and said inacrbliactainization reaction is carried out on an intermediate compound 
lepresenited by the Structure 



10 




O : OH O 



14; . A process in J 
' lT(3-dime&ylarain6propyi)-3-e and l-hydroxy-7- 

benzdtriazole hydrate. 



15 
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15. A process for the preparation df an epothilone represented by the formula 




whereiii: 

Q is selected froih the group consisting of 




and 

M is selected jfrom the group consisting of oxygen, sulfur, NR^, and GR^R?^; 
R^ - R^ R'^, andR^^ - R^^ are selected from the group consisting of hydrogen, : 
: alkyl, substituted alkyl^ a^l, substituted aiyl arid heterocyclo, . and wherein R^ and R^ 
are allQ'l^ they c 

10 . R^ is selected from the group consisting of hydrogeh, alkyl, substituted ialkyl, 
aryl, siabstituted aryl, cycloalkyl, heterocyclo and substituted heterocycld; 
JR^ is selected froin the g^ 
V R^^0=0, R^^OC=6 and R^^SOz; 

R^ and R^? are selected frqih the group consistirig of hydrogen, halogen, alkyl, 

15. . Substito^^ :: 

coinprising reacting an epothilbne staitijig m^ represented by the formula 
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wherein Qi and thirough are as defined above, with an azide donor agent and a 
reducing agent in the presence of a phase transfer catalyst and a p4ladium 
form an intermediate compound represented by the formula . 



OH 




5 wherein: 



Q, and R.* tliirQUgh R^ are as defined above; 
. Z is selected fi-pm the group consisting of 



R 



,16 



il8 



>ia and 



; and 



R^^R^^,^dR^^^^^a^^^^ 
10 alkyl, aryi, aind airalkyi; 

and carrying but a niacrolactamization reaction on said intermediate compoiind in the 



: . 16: A process in s 
15 represented by the formula 



OH 
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17. A processinaccordance with claim 1*6 wherein 
material is epothilone B, ; 
structure 




OH O 

5 and said epothilon^^ the structure 



Mc 




10 



A process for the preparatipn of an.epottiilohe represented by the formula 

OH 




*/; / ■ ■ ;■• n • 

wherein: 

Q is selected from the group consisting of 




r and 

M is selected frbni the group consisting of oxygen, sulfur, NR?, and CR^R^*?; 
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-R^ R"^, andR^^ -R^^ are selected from the group consisting of hydrogen, 
■ alkyl, substituted alkyl, aryl, substituted aryl and heterocyclo, and wherein R^ aiid R^ 
are aB<yl, they can be joined to fonn a cycloa^ 

R^is selected from the group consisting of hydrogen, alkyl, substituted. alkyl, 
5 aryl, substituted aryl, cycloalkyl, heterocyclo and substituted heterocyclo; 

R^ is selected frona the group consisting pf hydrogen, alkyl, substituted alkyl, 

R^^C=0, R^^OC=G and R^^SOi; 

R^ and R^^ are selected from^^ the group co^ 
substituted alkyl, aryl. heterocy^^^ 
10 comprising reacting an epothiione stalling n^ 




wherein Q, and R^ through R^ are as defined above, with an azide donor agent and a 
buffering agent in the presence of a paUadiuni catalyst and a reducing agent to form 
15 intermediate compound represented by the formula 

.OH 




wherein: 



Q, and R* through R^ are as defined above; 
Z is selected from the group consisting of 
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18 



1 18 . and. 



; and 



alkyl, aryl; and aralkyU 

: and carrying dnt a macrplactamization reaction on said intermediate 
5 compound in the presence of a suitable coupling agent for such reaction. 



19. A process in accordance with claim li8 wherein said intermediate is 
represented by the formula 



OH 




10 



20. A process in accordance with claim 19 wherein said epothilone starting 
material is epothilone B, : 
thestracture 



15 
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2 1 • A jprpcess in accordance with claim 15 wherein said azide donoi: agent is 
.: selected fibm the group consisting of lithium azide, sodium azide, tetraalkyl- 
s i ammonium azide and trialkylsilyl azide, said reducing agent is selected from the 
group consisting of a trialkylphosphine, triaiylphosphine, trialkylarsine, triarylarsine, 
■ and mixtures thereof, said phase transfer catalyst is selected from the group consisting 
v/ pf tet^^ tetraarylonium, tetraaralkylonium Sialts and mixtures thereof, smd 

• : : palladium catalyst is selected from the ^oup consisting of palladium acetate, 
10 pidlidium chloride, palladium tetrajds-(triphenyi[phbsphine), palladium tetraJkris- 
, ; (triphraylarsine) and tris-(dibeiayUdfe^ adduct 

22. A process in accordance with claim21 wherein the azide donor agent is 
sodiuiia aizide, the reducing agent is trirnethylphosphine, the phase transfer catalyst is 
15 tetrabutyianraioniima chlo 

(dibenzyUdeneacetone)-dipaUadium(0)^ 

' \ , 23, A pnicess in accordance with claim 15 wherein said macrplactain^ 

coupling agent comprises one or more members selected from the group consisting of 
20 : l-(3Kiimetliylaminopropyl)r^ hydrochloride, l--(3- . 

diriieAylaminopropy^^^ l-hydrbxy-^7- 
teiizotfazole hydra I-(3-dirdethylaminopr6pyl)-3-e 
and l-hydJX)xy-7-^abenzotriaz61e hy 
: : diisopropylcairbodiimide, diphenylphosphoryl azide, O-benzotriazol-l^ N, NVN- 
2:5 ■ bis (tetramethylene)uronium hexafluorophosphate, 0-(7-azabenzotriazol)rl^ N, . 
NVN-bis(tetramethylene)uronium hexafluprophbsphatei benzotriazol-l-yloxy- 
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tais(bimethylamino)phosphoniuin hexafluorophosphate, N, N-4imetliyM- 
aniinopyridine, K2CO3, diisopro^ 

: 24. A process in accordance with claim 23 where said coupling agent is l-(3- 
5 dimcthylaniinopr6pyl)-3-ethylca^^ hydrochloride atod l-hydroxy-7- 

. benzotriazole hydrate. . ; 

: 25. : A process in accordance with claim 18 wherein said azide donor agent is 
selected fix:)mthe^g^^ sodixim iazide, tetraalkyl- 

10 jarnmomum azide ^i^^ 

group consisting of mild acids and acidic salts, said paUadiurn ca^ 
' froni the group consistm 
tetrdds-(triphenylphosplu^ and tris- 

(diben2ylideneadetpne)-dip2^ said reducing agent is 

15 selected froin the group consisting of a trialkylphosphine, triafylphosphinej 
trialkylarsine, triarylarsiiie 

26. A process in accordance with claim 25 wherein the azide donor agent is 
tetrabufylarnmonium azide, the buj^^ ammoniiun chloride, die palladium 

20 catalyst is Uis-(dibenzylideneacetpn 
reducing agent iis triindthylphbsphm 

27v A process-in aiscordance with clairu 1 8 wherein said macrolaptamization 
coupling kgent comprises 6ne or more inembers selected from the grpupi consisting of 
25 i-(3-dMethyianunopropyl)-3^ 
: dimethylaininopropyl)-3-ethylcarb^ l-hydrpxy-7- : 

benzotriazole hydrate, l-(3-dimethylaminopropyl)-3-ethylcaADdiiim^^^ hydrochloride 
and i-hydroxy-7-azabenzotriazole hydrate, dicyclohexylcarbodiiniide, 
; diisppropylcarbodiimide, diphenylphosphory^ azide, D-benzotiiazpl-l-yl-N, N, NV N'- 
30 bis (tetramethyIene)uronium hexafluorophosphate. 0<7-azaberizotriazol)-l-yl-N,;^ 
'\ n; ]^bis(tetimiethylehe)uroniu^ 
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tiis(bimethylajmno)p^^ 

aininbpjTidine, K2CO3, diisopropylaimne^ 

28. ApiX)cess in accordance with d 
5 dimetiiyianunopropyl)-3-ethylcarbodii^ l-hydrbxy-7- 
benzotriazole hydrate. ... 
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